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ABSTRACT 
A cold alcoholic extract of human and a lbino rat' s kin , epidermis a nd dermis, contai ns 
prostaglandin (PG) activity as measured by rabb it duodenum assay in presence of a n ti his-
taminic, anticholinergic and a ntiserotonin drugs. The PG on purification by TLC are a l-
most entire ly recovered in t he region of PGE's. The normal huma n t hi gh skin (biopsy) con-
tains 760 to 2140 nanograms PG (expressed as PGE ,) per gram wet skin. The a lbino rat 
s kin, epidermis and dermis, conta ins 732 ± 107, 1539 ± 289 a nd 582 ± 74 nanograms per 
gra m wet tiss ue of PG (expressed as PGE ,) re pec tively . 
UV -irrad iation of a lbino rat by erythema l doses (2- 8 MED) results in a seve ra l fold in -
c rease in both epide rm a l and dermal PG. It is suggested that s kin prostag land in may play 
an importa nt role in eli c itat ion of erythema followin g UV-irradiation. 
T he prostaglandin s (PG) are a n importa nt new 
class of biologica lly act ive substances. Initially 
identified (1 - 4) t hrough the ir vasodepressor ac -
tion and effect on s mooth muscle, they ha ve s ince 
been shown to have a n effect on ma ny phys iologi-
caJly important processes and a ppear to be th e 
modulators of intrace llula r metabolis m (5). Al-
though prostag la ndin ac tivity was found ini t ia lly 
in seminal plas ma a nd accessory genita l gland , 
later studies have shown that it is a lso present in 
mens trual Iluid, lun gs, brain, thy mus, pancreas 
and kidney. 
Sutherland' s (6, 7) g roup has described a 
common mechan is m of inte raction between hor-
mones and their ta rget ti ssues in vo lving s timula-
t ion of adeny l cyc la se leadin g to a n in creased 
concentration of cyc li c AMP (which acts as a 
'second messen ge r'). B utcher et al. (8) ha ve de m-
onstrated that I GE a ntago ni zes the effects of cer-
tain hormones by inhibi ti ng th e a den y l cyc lase 
reaction. The demonstration by Bitensky and 
Burstein (9) of darkening of frog s kin with cycli c 
AMP in vitro provides ev idence that the media-
t ion of pigmenta ry changes in frog melanophores 
a lso involves a cyc li c AMP messenger system. It 
may be postula ted t hat 1n the mammalian skin 
a lso the contro l of mela nocyte dispers ion is 
med iated by s kin cyclic AMP and poss ibly influ-
enced by prostagland ins. Inves tigations were 
initiated to exam ine t he skin for th e presen ce of 
prostaglandins a nd the effect of irradiation on 
skin pros taglandin . T he presen t paper demon-
strates the presen ce of prostaglandin in skin and 
its dis tribution in the ep id e rmis and dermis. We 
have a lso exam ined the effect of erythemal doses 
of ul t rav iolet irra diation on cuta neous prosta -
glandin. 
MATEHIALS AND METIIODS 
Animals. Albino rats of Haffkin e inbred strain from 
Rece ived October 11, 1971 ; accepted for publication 
December 29, 1971. 
* From the Hinclustan Lever Resea rch Centre, And-
heri East, Bombay-69-AS, India. 
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our breedin g colony were used. Albino rabbits (1 500-
2500 gms) obtained from Haffkine Institute, Bombay 
and Ciba Research Centre, Bombay were used. 
Human .~kin. Human skin samples were obtained 
from normal subjects by courtesy of Dr. M. H. I<eswani, 
Tata Department of P lastic Surge ry, J . J. Hospital , 
Bombay. These were portions of skin removed for 
grafting using Humby's Grafting Knife and were chilled 
immediately to 0° and subsequently stored frozen (2- 20 
days) before PG extraction was undertaken. 
Separation of epidermis. The hairs of the dorsal skin 
of the rats were removed using depilatory wax 24 hours 
before removing the skin . Under ether anesthes ia, the 
dorsal skin from the rat was taken out. chilled in ice 
and th e subcutaneous fat removed. The epidermis was 
removed by scrapi ng with a sca lpel, after stretching the 
skin on a board . 
UV irradiation of animals . The a lbino rats were irra-
diated from a Hanovia Alpine Sun Lamp Model VIII 
giving ult raviolet irradiation intensity of 1700 micro-
watts per em' in the range of 240- 370 nm (without any 
filter) at a dista nce of 91 em. The minimal erythemal 
dose (MED) for albino rats was found to be about 2 
minutes of UV-irradiat ion when the animals were kept 
at 30 em from the UV-source. The dorsa l skin of rats 
was irradiated for 4 8 and 16 minutes at a distance of 
30 em from the sou~ce. The anima ls were sacrifi ced 30 
minutes after UV -irradiat ion for the isolation and esti-
mation of skin prostaglandin . 
Isolation of skin prostaglandin. The extraction proce-
dure was a slight modification of the method used by 
Samuelson (10) for the extraction of PGF ,a from bovine 
lung. The method used for the extraction is shown in 
the Figu re. 
Thin layer chromatography . Thin layer chromato-
plates (20 x 20 em) coated with 0.5 mm thickness of 
Silica gel G were used for the isolation of prostaglandin 
from the skin extracts. Chromatoplates after streakin g 
of th e skin extract (1 ml) were deve loped using 
chloroform: methanol:acetic acid :water (90:6: 1:0. 75) 
solvent system (ll). [n test plates the spots were 
visuali zed by exposure to iodine vapor. This solvent sys-
tem separates PGE from other prostaglandins but PGE, 
and PGE , a re not se parated. The scraped off silica ge l 
conta ining PGE was extracted thri ce with methanol (3 
5.0 ml) filtered and the extract was concentrated to 
dryness 1:n vacuo. The residue was dissolved in Tyrode's 
solu tion for PGE assay. 
Prostagla.ndin b1:oassay. The smooth muscles of the 
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gastrointestinal tract are stimulated by the various 
prostaglandins. Guinea pig ileum is less suitable for the 
bioassay since it often shows tachyphylaxis with prosta-
glandin extracts (12) . Rabbit duodenum and jejunum 
respond in a specific manner to the various prostaglan-
dins and have been used for bioassay of PG activi ty in 
partially purified extracts (13). The smooth muscle 
stimulating act ivi ty (14) of PGE, is three t imes that of 
PGE" using rabbit duodenum system. Rat stomach 
fundus, though more sensitive to PG, showed tachyphy-
laxis ( 13) and was therefore not used. 
A piece of duodenum from a fresh ly killed adult 
rabbit was arran ged in an organ bath to produce normal 
rhythmic movements. Tyrode's solution was maintained 
at 34- 35° C and bubbled with a constant supply of ox-
ygen. The Tyrode's solution used for the assay also con-
tained atropine su lphate (0.1 11-g per ml) , methyl ergo-
metrine (0.05 11-g per ml) and mepyramine maleate (0.25 
11-g per ml). The presence of these antihistamine (mepyr-
amine maleate) and antiserotonin (methylergometrine) 
compounds in the Tyrode's solution abolishes the con-
tractions produced by histamine and serotonin in the 
rabbit duodenum assay. Standard PGE 1 in Tyrode's 
solution was used to obtain the log-dose response curve 
used for calculating the concentration of PG in skin ex-
tracts. 
RESULTS 
The PG in cold ethanoli c extracts of human 
skin and rat skin/epidermis/dermis was deter-
mined by the spec ifi c rabbit duodenum assay. 
The results of these analyses are shown in Tables 
I and II. The results in Table I show that normal 
human skin conta ins 760- 2140 ng PGE per gm of 
wet skin. The results in Table II show that a lbino 
rat ski n conta ins 732 107 ng PGE per gm wet 
weight of skin. Albino rat ep idermis and dermis 
conta in 1539 289 and 582 ± 74 ng PGE per gm 
of wet tissue respectively. 
On purification of the methanolic solu t ion of 
PGE by thin layer chromatography a lmost a ll the 
prostaglandin a ctivity was obtained in t he region 
of PGE's . These results are shown in Table III 
and indicate that the smooth muscle stimulating 
activity of skin extracts is due to t he pros ta -
glandin E. 
The concentration of epidermal and derma l 
PGE, following in vivo UV-irradiation of a lbino 
rats for 4, 8 and 16 minutes, are given in Table 
IV. The concentration of PGE increases with in -
creas ing UV-dosage. 
Sa mpl e 
HS-86 
HS-63 
HS-81 
HS -80 
HS-88 
HS-87 
TABLE I 
Prostaglandin in human skin 
Sex Age Skin removed ycnr~ from 
Female 19 Right thigh 
Female 20 Right thigh 
Female 25 Right thigh 
Male 28 Right thigh 
Male 32 Right thigh 
Male 53 Left thigh 
PG E 
nanogrumH 
per gram 
wet skin 
1010 
1500 
1090 
1940 
760 
2140 
DISCUSSION 
The extraction procedure (Fig. 1) used for the 
iso lation of skin, epidermal or dermal PG and the 
rabbit duodenum assay (using antihistaminic 
anticholinergic and antiserotonin drugs) in th~ 
Tyrode's solution suggest that alcoholic extracts 
of cutaneous tissue contain prostaglandin. This 
was confirmed by the isolation of PG of these ex-
tracts in the region of Rr value of PGE's when 
purified by thin layer chromatography. Jouvanez 
et al. (15) have demonstrated albino rat skin pros-
taglandin to be PGE 2 by gas liquid chromatog-
raphy of si lylated methyl esters using highly sen-
sitive electron capture detector. Jouvanez et al 
observed that hardly any prostaglandin E 2 ( < 10 
ng per gm wet skin) could be detected when the 
material was homogenized directly in a lcohol 
(thus preventing any enzym ic synthesis). How-
ever these workers were able to extract 100, 230 
50 ng per gm of PGE 2 from a lbino rat skin, epi~ 
dermis and dermis respectively when the extrac-
tion was done with ice cold isotonic sodium chlo-
ride solu t ion and therefore believe that t he ob -
served va lues represent biosynthetic potency of 
the tissue. In our studies, extraction (procedure as 
in Fig. 1) with co ld 95% a lcohol of normal human 
a nd albino rat skin , showed substantial amoun ts 
of PG *. The normal human sk in was found to 
contain 760- 2140 ng PGE* per gm wet skin . The 
wide va riation in amounts of PGE in human s kin 
cou ld be due to a variety of reasons, e.g. differ-
ences in amount of dermis in the sample, mois-
ture in skin , sex, age, etc. The a lbino rat skin 
contains 732 ± 107 ng PGE per gm wet s kin. It is 
interesting to note that rat epidermis contains 
a lmost 2 1/2 times PG activity than the dermis. 
Intravenous administration of PGE 1 (0.1- 0.7 
llgm per kg per minute) to normal huma ns pro-
duces flu shing of the face and a feeling of warmth 
and oppression lasting for 1- 10 hours (16). Intra-
derma l administration of PGE 1 (1- 500 ng) into 
human sk in resu lts in prolonged characteristic 
erythema (17) lasting for 1- 10 hours. Although the 
powerful vasodilatory effect of PGE in human 
and animal skin is established, t he mechanism of 
erythema produced is not known. 
Exposure of skin to erythemal doses of UV -ir-
radiation (280- 315 nm) results in erythema which 
appears usualcy after 2- 10 hours after exposure, 
and is believed to be caused by histamine re-
leased from mast ce ll s in epidermis which dif-
fuses to the dermis and dilates the arterioles. 
How the skin PGE responds to UV -irradiation 
and what part it plays in elicitation of erythema 
is not we ll established. Our data show that epi-
dermal and dermal PGE increase significantly 
(Table IV) upon in vivo UV-irradiation of dorsal 
*The PGE 1 standard used for the assay contained 
less than 0.05% PGE , . Our PGE, standard containing 
less than 0.5% PGE 1 was fou nd to be 2- 2 112 times active 
as the standard PGE 1 • Since PGE, standard was avail-
ab le on ly when most of the work was complete the 
values reported here are expressed as PGE 1 • 
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TABLE II 
Prostaglandin in albino rat skin 
Sa mple Age of nnimnl in cloys 
PGE Na nogrn m~ per gram wet tissue 
Skin Epiderm if' Dermis 
1 95 840 1710 480 
2 96 600 1160 600 
3 100 800 1350 660 
4 105 690 1350 590 
5 200 - 1875 -
6 200 - 1790 -
Average ± S.D. 732 ± 107 1539 ± 289 582 ± 74 
TABLE III 
Purification of skin prostagland1:ns by TL C 
Amount spott ed Zone on TLC. Amoun t recovered Sumplc JUI IlOJ.!fUJll pi£HC Nn nogrn m Percent .ngc 
PGE ,-Standa rd 2500 3.2- 6.0 ems 2500 100 
6.0-9.0 ems 0 0 
PGE ,-Standard 2500 3.2- 6.0 ems 2500 100 
6.0- 9.0 ems 0 0 
Human skin (HS-80) 3000 3.2-6.0 ems 3150 104.9 
6.0-9.0 ems 0 0 
Human skin (HS-81) 2320 3.2- 6.0 ems 3000 129.0 
6.0-9.0 ems 0 
A. Rat epidermis 2540 3.2- 6.0 ems 2550 100.05 
(AR 527- 530) 6.0- 9.0 ems 0 
A. Rat epidermis 4510 3.2-6.0 ems 3500 77.3 
(AR 534- 537)* 6.0-9.0 ems 
• T he epi lated dorsa l skin of the animals was irradiated for 4 minutes at a distance of 30 em from UV lamp. 
Thirty minutes afte r the UV -irradiation the animals were sacrificed for remova l of epidermis from the dorsal skin 
fo r PG assay . 
TABLE IV 
Effec t of UV-irradiation of albino rat on shin 
prostaglandins 
PGE Nu nogru mR per grnm wei 
Group UV .dosagc tis~uc minutes 
Epidermis Dc rmiR 
A 0 1393 ± 250 560 80 
B* 4 4133 ± 614 793 ± 102 
c 8 6700 -
D·l· 16 8800 ± 1540 -
* A vs. B Group t -test: p-value for epidermal and 
derma l PGE are < 0.001 a nd < 0.05 respectively. 
t A vs. D Group t-test: p-value for epidermal PGE is 
< 0.001. 
skin of a lbino rats . The epidermal PGE conten t 
increased linearly for 2 and 4 MED of UV. H ow-
ever i t a ppeared to level off at 8 MED. The in -
crease in skin PGE on UV -irradiation can be ei -
ther due to severa l fold stimulation of th e biosy n-
thesizing activity of skin or release from a bound 
form of PGE in skin . Cabut and Vincenzi (18) 
have shown that re lease of histamine a nd hepa rin 
from su s pend ed rat m esen tr ic cells was de-
pendent on the concentrat ion of ca lcium a nd 
PGE ,. Greaves and Sundergaard (19) , while stud-
ying the ini1ammatory response to ultraviolet ra -
diation by skin perfusion technique, have found 
that perfusate from 7 out of 17 human subjects 
conta ined an unidentified smooth muscle con -
t racting agent which was not histamine, kinins, 
serotonin or acetylcholine. In view of our studies 
reported here the w1identifi ed smooth muscle 
contracting agent could be PGE released from 
skin in resp on se to UV-irrad iation. Perhaps skin 
prostaglandin plays an importan t role in elicita -
tion of skin erythema reaction fo llowing UV- irra-
diation . 
The authors are grateful to Professor D. A. van Dorp 
of Uni lever Research Laboratory, Vlaardingen , The 
Netherlands for generous gift of samples of PGE 1 , 
PGE, and PGF ,a . The authors wish to express their 
thanks to Dr. S. Vamdarajan, Director and Dr. K K. G. 
Menon, Head of Biology Division, Hindustan Lever 
Research Centre, Bombay, for their valuable suggestions 
and cri t icisms of the work. 
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SKIN 
(or Epidermis/Dermis) 
1 gm 
1. 15 ml 95% EtOH 
2. Sorval Omn imi xer (2500 rpm) for 30 minutes 
3. Centrifuge 2000 rpm (clinical centrifuge) 
Precip ita te Supernatant 
1. Concentrate to about 2 ml volum e 
2. Add 3 M citri c acid (about few drops) to 
adjust to pH 3.0 · 
3. Extract with ethylacetate (3 x 10 ml) 
Aqueous layer Ethyl acetate layer (Top) 
1. Evaporate to dryness in vacuo at 40° C 
2. Extract thrice with a mixture of 10 ml aqueous 
a lcohol (95% a lcohol : water 1: 1) and petroleum 
ether 10 ml 
Petroleum ether layer 
(Top) 
Aqueou a lcohol laye r 
(Botto m) 
I 
Aqueous layer 
TLC 
l. Concentrate to a bout 2 ml in vacuo a t 40° C 
2. Adjust to pH 3.0 (usin g 3 M cit ri c ac id) 
if pH was found a lka line 
3. Extract with ether (3 x 10 ml) 
Ether layer 
1. once ntrate to dryness 
2. Dissolve in methanol (5 ml) 
Prostagla ndins 
Rabbit duodenum assay 
FIGUHE. Isolation of prostaglandin from s kin 
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